In this paper, we merge more than 200 new apatite and zircon (U-Th)/He analyses and 21 apatite fi ssion-track analyses from 71 new samples with previous published thermochronologic data using the same systems to understand the growth and largescale kinematics of the central Andes between 21°S and 28°S. In general, minimum dates decrease and the total range of dates increases from west to east across the range. Large variations in thermochronometer dates on the east side refl ect high spatial gradients in depth of recent erosional exhumation. Almost nowhere in this part of the Andes has Cenozoic erosion exceeded ~6-8 km, and in many places in the eastern half of the range, erosion has not exceeded 2-3 km, despite these regions now being *Current address:
INTRODUCTION AND GEOLOGIC SETTING
The central Andes between ~21°S and 28°S are part of the archetypal doubly vergent Cordilleran orogen, characterized by ocean-continent subduction on the west and retroarc thrusting of the continental plate beneath the orogenic wedge on the east (Isacks, 1988; Allmendinger et al., 1997; Dickinson, 2004; DeCelles et al., 2009; Fig. 1) . Oceanic subduction beneath the South American plate has been roughly continuous since at least the Jurassic, as recorded by Jurassic plutonic rocks west of 70°W (e.g., Haschke et al., 2002 Haschke et al., , 2006 . To fi rst order, younger magmatism gradually transgressed from west to east with time, and since the Oligocene most magmatism has occurred in a relatively broad swath from ~66°W to 69°W (Allmendinger et al., 1997) .
In detail, however, the spatial distribution of magmatic rocks shows several relatively rapid shifts in locus and width since ca. 150 Ma, some of which are correlated with quasi-periodic cycles in the geochemical and isotopic compositions of the magmas .
The spatial-temporal pattern of deformation in the shallow crust of the central Andes since ca. 50 Ma also shows a fi rstorder west-to-east migration, but it is more complex than that of magmatism. In the Bolivian Andes, the locus of thrusting has generally shifted from west to east, but shortening rates have varied by as much as an order of magnitude, and structurally active domains have not propagated uniformly (e.g., Kley and Monaldi, 1998; Oncken et al., 2006) . Geodetic observations (Bevis et al., 2001; Klotz et al., 2001; Brooks et al., 2011) indicate that, at least 5-6 km above sea level. This means that west of the rapidly deforming and eroding eastern range front, uplift and erosion are largely decoupled as a result of meager precipitation, relatively low relief, internal drainage, and volcanic burial. We interpret the west-to-east pattern of decreasing minimum dates across the range as recording the time-transgressive eastward migration of a focused zone of deformation, erosion, and convergence between the South American plate and the eastern edge of the Andean orogenic plateau. At this scale, the thermochronologic data do not suggest major changes in rates of plateau propagation or shortening/convergence with time. We use the thermochronometer date-distance trend and a simple kinematic model to infer a rate of eastward propagation of deformation and plateau growth of 6-10 km/m.y. This plateau propagation model balances horizontal convergence, erosion, and crustal thickening and predicts rates of shortening and convergence between the Andes block and South American plate that are consistent with geologic and geodetic observations. Strecker et al. (2007) Mz -Pg plut igure 1. Generalized southern South America location map and perspective relief map, showing oblique shaded relief and primary bedrock types in transect between 21°S and 26°S, from coast (west of 70°W) to ~64°W. Arrows and labels show some of the important physiographic provinces referred to in this paper. Lithologic abbreviations as follows: MzMesozoic; Pg-Paleogene; Ng-Neogene; Pz-Paleozoic; plut-plutonic; volc-volcanics; sed-sedimentary.
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on November 14, 2014 memoirs.gsapubs.org Downloaded from today, the vast majority of shortening occurs near the eastern front of the retroarc thrust belt, where material from the underthrusting South American plate is accreted to the range.
Evidence for nonuniform spatial-temporal patterns of deformation and arc magmatism in the central Andes has led to debate about the timing and evolution of the topographic form of the orogen (e.g., Strecker et al., 2007; Hain et al., 2011; DeCelles et al., 2011) . Sedimentary rocks in many locations have been used to argue that at least some regions were low elevation and low relief until the Cenozoic (Lamb et al., 1997) . Several studies, focusing mostly north of ~22°S, have suggested that surface uplift occurred in one or more discrete pulses affecting large regions as late as the late Miocene Garzione et al., 2008; Hoke and Garzione, 2008) . However, the timing and rate at which different regions attained their current elevation are debated (e.g., Garzione et al., 2008; Barnes and Ehlers, 2009; Quade et al., this volume; Canavan et al., 2014) .
The spatial-temporal pattern of uplift (both rock and surface) and the topographic development of the central Andes are largely controlled by the patterns of crustal shortening (e.g., Isacks, 1988; Kley and Monaldi, 1998; McQuarrie, 2002) . The shortening-uplift relationship may be complicated by sublithospheric processes such as changes in magmatic fl ux (Haschke and Gün-ther, 2003) , frictional coupling at the subduction interface (Lamb and Davis, 2003) , and convective instabilities that change the isostatic buoyancy of the range . It is possible that these mechanisms may act independently or in combination to produce punctuated episodes of rock uplift or surface elevation change. In addition, surface uplift and topographic growth are clearly modulated by erosional fl ux, further complicating inferences from shortening or accretionary constraints. Barnes and Ehlers (2009) provided a thorough introduction to considerations surrounding shortening, uplift, and topographic growth of the Andes through time.
As already noted in many studies (e.g., Strecker et al., 2007, and references therein) , in the central Andes, the spatial distribution of erosion is strongly infl uenced by one of the largest continental precipitation gradients on Earth. Between ~21°S and 28°S, ranges of the eastern front of the retroarc receive mean annual precipitation higher than 2000 mm/yr, while the western fl ank receives ~20 mm/yr or less (e.g., Strecker et al., 2007; Bookhagen and Strecker, 2008) , and there are regions where rainfall has never been recorded. Much of the central part of the Andes at this latitude, including the southern Puna Plateau, receives only ~200 mm/yr. Furthermore, much of the central part of the orogen is internally drained, has relatively low relief (compared with the Eastern and Western Cordilleras), and is covered in places by volcanic extrusive rocks. Low precipitation, low relief, internal drainage, and partial coverage by volcanics all limit rates of local erosion, as well as sediment transport and depths of erosion in the interior of the range. This, combined with the nearly complete lack of precipitation on the west fl ank of the range, means that the net erosional fl ux out of the Andes is likely highest on the retroarc side, and particularly near the active eastern thrusts. This is also the region where nearly all modern shortening is focused (Bevis et al., 2001; Klotz et al., 2001; Kendrick et al., 2006; Brooks et al., 2011) .
In this paper, we use low-temperature thermochronometers to interpret the spatial-temporal patterns of deformation and uplift in the central Andes between ~21°S and 28°S. Cooling dates of low-temperature thermochronometers such as the fi ssion-track and (U-Th)/He systems in apatite and zircon provide bounds on the possible thermal histories (primarily cooling histories) of rocks. Although cooling results from several processes, over large scales and with support of complementary geologic constraints, it can be reasonably interpreted as resulting from exhumation. In contractional orogens such as the central Andes, most exhumation is due to erosion rather than to normal faulting or ductile thinning. Episodes or varying rates of erosion may be attributable to a variety of causes, but in this setting, the most important variations in erosion rates in both space and time are reasonably associated with variations in rock uplift, through the development of topographic relief (and potentially enhanced precipitation) that drives erosion. Thus, to the extent that erosion can be related to rock uplift, and rock uplift can be related to contractional deformation, cooling dates can be used to elucidate spatial-temporal patterns of deformation. To the extent that deformation can be related to surface uplift, cooling dates also provide clues to patterns of topographic evolution through time.
In order to provide comparisons with and potentially tests of some of the orogen-scale ideas for the growth and evolution of the central Andes, this paper examines a large data set of thermochronometric dates to interpret the spatial-temporal pattern of erosion at the scale of the entire width of the orogen between 21°S and 28°S. We present new cooling dates for the apatite (U-Th)/He, apatite fi ssion-track (AFT), and zircon (U-Th)/He systems for 71 new samples and combine them with previously published data for the same systems measured on other samples across the central Andes. We propose a simple model and interpretation of the signifi cance of the spatial pattern of these dates at the scale of the entire width of the central Andes, focusing on the implications for the patterns of deformation and growth of the range through time.
SAMPLES AND METHODS
New thermochronologic dates from the apatite He, AFT, and zircon He systems, most of which were obtained from the same samples, are shown in Tables 1 and 2 . Sample locations are shown in Figure 2 . Nearly all these samples were collected between 22°S and 26°S, but we combine these with previously published data that cover a latitudinal range of 21°S-28°S. Sources of the other data north of 26°S include Coutand et al. (2001) , Sobel and Strecker (2003) , Maksaev and Zentilli (1999) , Carrapa et al. (2005 Carrapa et al. ( , 2009 , Deeken et al. (2006) , Juez-Larré et al. (2010) , Carrapa et al. (2011) , Pearson et al. (2012 Pearson et al. ( , 2013 , and Mortimer et al. (2007) . Also within this latitudinal range and shown in this compilation are data from subsurface mine on November 14, 2014 memoirs.gsapubs.org Downloaded from samples of McInnes et al. (1999) , but we only show samples within 0.5 km of the surface to be consistent with the other data sets. We also compiled AFT dates from samples between 26°S and 28°S, from Coughlin et al. (1998) , Sobel and Strecker (2003) , and Carrapa et al. (2006) . We also report U/Pb dates determined on a subset of detrital zircon grains that were also dated by the (U-Th)/He method. These (U-Th)/He dates were analyzed by standard procedures described in Reiners et al. (2004) . Alpha-ejection corrections for grains plucked from U/Pb grain mounts were made using the procedure in Reiners et al. (2007) . U/Pb dates were measured by laser-ablation-inductively coupled plasma-mass spectrometry (ICP-MS) following methods in Gehrels et al. (2008) . AFT dates were analyzed by standard procedures described in Zattin et al. (2003) .
In the following section, we fi rst present detrital zircon geochronologic and thermochronologic results from Paleogene sedimentary rocks in the Cordillera de Domeyko (Figs. 1 and  2 ). These are the only samples for which we discuss the geologic context and date interpretations in any detail, because this is a region with few previous geochronologic and thermochronologic data, and some of the results form important evidence for shallow range-internal erosion and ancient zircon He dates discussed later.
We then present cooling dates in the context of the largescale date pattern across the entire orogeny by focusing on a cross-orogen transect extending from the Chilean coast at 71.5°W to the frontal Santa Barbara Ranges at 64°W-65°W (Fig. 2) . Samples were collected across a range of elevations from 45 to 5670 m above sea level (Fig. 2) . To emphasize cooling date patterns associated with erosional exhumation, rather than magmatic cooling, dates from samples of Cenozoic magmatic rocks with cooling dates that are indistinguishable within error from known or inferred crystallization dates are not shown in fi gures or considered in interpretations. A limitation of this data set is a paucity of samples in the northeast and southwest corners of the cross-orogen swath. Although we see no reason why the main interpretations of this work would change with more complete sample coverage, this may be a consideration for future work attempting to interpret cooling dates at the cross-orogen scale.
In interpreting thermochronologic dates in the context of erosion rates, we adopt a single set of kinetic parameters for each thermochronometer as compiled in Willett and Brandon (2013) . These yield apparent closure temperatures (assuming a cooling rate of 10 °C/m.y.) of ~67 °C, 116 °C, and 183 °C, for the apatite He, AFT, and zircon He systems, respectively. We recognize that kinetic models incorporating the effects of radiation damage (Flowers et al., 2009; Gautheron et al., 2009; Guenthner et al., 2013) and composition (e.g., Ketcham, 2005) would provide a more robust inversion from date to model (steady) erosion rate. Kinetic differences among populations may also contribute to variation in the degree of partial resetting among older, "detrital" dates that are observed in some locations. However, incorporating these effects into the erosion-rate inversions in a reasonably realistic way would require more detailed knowledge of each sample's thermal history, and a more sophisticated inversion method than the current version of AGE2EDOT (Willett and Brandon, 2013) , and the differences would not signifi cantly affect the overall date-distance trends seen here or their interpretations.
CORDILLERA DE DOMEYKO AND EASTERN CORDILLERA DETRITAL SAMPLES
We fi rst present detrital zircon U/Pb and (U-Th)/He cooling dates from samples collected from Paleogene sedimentary rocks on November 14, 2014 memoirs.gsapubs.org Downloaded from on the eastern fl ank of the southern Cordillera de Domeyko, near the southwestern edge of the Salar de Atacama. These include 25 double-dated grains from fi ve samples from the Paleogene Loma Amarilla Formation, a coarsening-upward clastic sequence reaching total exposed thicknesses greater than 2.5 km. This unit is interpreted as a syntectonic sedimentary package associated with Eocene deformation in this part of the Andes (Mpodozis et al., 2005) . Its depositional age is not well constrained. Hammerschmidt et al. (1992) Ar plateau dates of 43.8 ± 0.5 Ma and 44.2 ± 0.9 Ma from the basal part of the unit. Mpodozis et al. (2005) reported a K/Ar date of 59.1 ± 2 Ma from a volcanic clast at the basal part of the unit, but this may represent reworked material. These authors also reported a much younger date of K/Ar date or 33.9 ± 0.3 Ma on hornblende from a volcanic clast only 100 m from the base of the unit, but they expressed doubt about the accuracy of the date due to the low-K content of the sample. They also noted that this date is similar to the total degassing dates on the same biotites studied by Hammerschmidt et al. (1992) and may represent partial Ar loss, possibly associated with a Miocene event that may be refl ected in the 10-20 Ma dates of the earliest degassing steps (Mpodozis et al., 2005) . Recognizing the uncertainties in these age constraints, we adopt a provisional estimate for the depositional age of the Loma Amarilla of somewhere between 34 and 44 Ma. We also measured detrital zircon U/Pb and He double-dates from fi ve grains from one sample of sandstone from the Naranja Formation, which directly underlies the Loma Amarilla Formation in parts of the Cordillera de Domeyko (Mpodozis et al., 2005; Arriagada et al., 2006) . Seismic correlations in the subsurface of the Salar de Atacama suggest that the Naranja Formation is younger than Late Cretaceous, and similar units ~70 km to the south have been dated (whole-rock K/Ar) at 57.9 ± 1.9 Ma and 58.0 ± 3 Ma (Gardeweg et al., 1994) . Mpodozis et al. (2005) interpreted the Naranja Formation as a post-tectonic sedimentary sequence following an episode of compressional deformation.
Loma Amarilla Zircon
Zircon grains from the Loma Amarilla Formation have U/Pb dates ranging from 55 to 308 Ma and (U-Th)/He dates ranging from 49 to 221 Ma (Tables 1 and 3 ). The U/Pb dates (Table 3) show a date gap between 100 and 200 Ma, with a secondary clustering of dates in the older group between 210 and 220 and between 250 and 260 Ma (Fig. 3) . Grains with U/Pb dates younger than 100 Ma have crystallization (U/Pb) and cooling (He) dates that are concordant or nearly so, indicating derivation from fi rst-cycle volcanic or hypabyssal sources and lack of burial or exhumation through depths where partial He loss from zircon occurs, typically 4-6 km (assuming geothermal gradients of ~20-30 °C per km). In contrast, most zircon grains with U/Pb dates older than 200 Ma have (U-Th)/He dates signifi cantly younger (140-180 Ma) than crystallization dates. Three (four) of these older grains have cooling dates within 5% (10%) of the crystallization dates (Fig. 3) , indicating that some of these older zircon grains have remained within a few kilometers of the surface since at least 200 Ma.
None of the dated zircons from the Loma Amarilla has a date within the presumed depositional age range of the unit (33-44 Ma; Fig. 3 ). However, only fi ve zircon grains per sample were analyzed for either U/Pb or He dates, so younger grains approaching the presumed depositional ages could be found with more extensive analyses. Nonetheless, these results suggest that most of the grains in the Loma Amarilla Formation were formed signifi cantly earlier than the depositional age of the unit. Notably, many of these grains have not been buried to depths where temperatures approached partial He loss from zircon (~140 °C) for as long as ~220 m.y.
Naranja Formation Zircon
Five zircon grains from one sample of the Naranja Formation have U/Pb dates of 72-81 Ma. (U-Th)/He dates on the same grains are the same within uncertainty, indicating that they are all fi rst-cycle volcanic or hypabyssal grains that have remained within a few kilometers of the surface since the Late Cretaceous. As in the case of the Loma Amarilla, however, these dates are signifi cantly older than the inferred depositional age of the unit (58 Ma).
Cordillera de Domeyko Provenance Changes?
Although there are too few double-dated grains to provide robust evidence, we note that both the Cretaceous Naranja Formation and the older (likely Eocene) section of the Loma Amarilla Formation contain abundant fi rst-cycle zircon, whereas the younger Loma Amarilla Formation section contains exclusively zircons with He dates signifi cantly younger than the U/Pb dates on the same grains. The younger Loma Amarilla unit also appears to contain zircons with a more restricted range of older U/Pb dates. We speculate that these features represent progressive unroofi ng of a magmatic crustal section, with volcanic and shallow igneous units eroded earlier, and deeper and older units eroded later within the stratigraphic sequence represented by the Loma Amarilla. Figure 3B shows (U-Th)/He and U/Pb double-dates of Cordillera de Domeyko zircons compared with those from several samples from the Eastern Cordillera. The latter include detrital zircons from the Eocene Santa Bárbara Subgroup of the Salta Group in the Tintin region, and the Cretaceous Pirgua sandstone of the Brealito subbasin of the Salta rift, as well as zircon grains from several samples of crystalline basement (primarily granitoids) surrounding the Brealito subbasin (Table 1) . Both detrital and basement zircons from the Eastern Cordillera are generally much older than those from the Cordillera de Domeyko, with a primary U/Pb peak at ca. 460-560 Ma and secondary peaks around 1 Ga and older. Zircon He dates from these Eastern Cordillera grains are also generally older than those from the Cordillera de Domeyko. Only one zircon grain that we dated from this region has a He date within error of the U/Pb date. The majority have He dates ranging from 100 to 350 Ma, consistent with derivation from older rocks that cooled below ~150-200 °C between the mid-Cretaceous and Carboniferous. In detail, several of the early Paleozoic zircons show inverse He date-eU correlations, consistent with thermal histories involving residence at temperatures less than ~225-250 °C since formation (Guenthner et al., 2013) . The main fi nding from the Eastern Cordillera zircons is that most of these rocks have not been hotter than the closure temperature of the zircon He system (~170-190 °C) since before the Cenozoic. Assuming a surface temperature of 10 °C and geothermal gradients of 20-30 °C per km, this means that they have been shallower than 6-8 km beneath the surface, and likely much shallower, since at least the mid-Cretaceous, and probably since the Carboniferous.
Comparison with Zircon Double-Dates from the Eastern Cordillera

Cordillera de Domeyko Apatite
We measured (U-Th)/He dates in detrital apatite grains from six samples through the Loma Amarilla Formation covering an elevation range of ~450 m and a stratigraphic thickness of ~2.4 km. Apatite He dates near the top of this section are close to or slightly older than inferred ages of deposition for the Loma Amarilla (Fig. 4) . However, dates generally decrease with lower elevations and stratigraphic depth, becoming as young as 20-25 Ma in the lowest samples. These dates are ~12-24 m.y. younger than the inferred depositional ages of 34-44 Ma, and the rough positive correlation with elevation and stratigraphic height is consistent with at least partial resetting of the predepositional (U-Th)/He dates by burial and exhumation through depths of at least the apatite He partial retention zone (~40-85 °C; roughly 1.5-3.0 km). The maximum date of exhumation through these depths is the minimum apatite He date at the base of the section: ca. 20-22 Ma.
CROSS-OROGEN-SCALE PATTERNS IN THERMOCHRONOMETER DATES
Numerous studies have focused on the detailed exhumational history of individual subranges or basins within the Andes. Here, we attempt to elucidate fi rst-order orogen-scale trends in exhumation patterns at the latitude of 21°S-28°S as revealed by thermochronometer dates at this scale. To do this, we plot dates and topography of the range as a function of distance from the location of signifi cant topographic relief at the eastern front of the Andes, represented by a line extending from 62.7°W, 21°S to 65°W, 28°S. Results for all three thermochronometers are shown in Figure 5 , and results for each system independently are shown in Figure 6 .
Remarks on Date-Distance Relationships for All Systems Together
Figures 5 and 6 show the large-scale thermochronometer date variation. Data from samples spanning seven degrees of latitude have been collapsed to create a single transect in this fi gure, so undoubtedly some of the observed date variation at any position in the transect is due to along-strike variations in the timing and depth of exhumation within this part of the Andes. Another potential cause of date variation is relationships between thermochronometer date and local topographic relief, e.g., as in "vertical transects." However, very few data in this compilation were collected over suffi ciently short horizontal distances (i.e., the critical wavelength of Braun, 2002) to justify simple interpretations of date-elevation relationships in this way. Examination of dates in this compilation as a function of sample elevation, as well as local deviation from mean elevation over 5-10 km scales, confi rms that local elevation differences are not signifi cantly positively correlated with date variation for nearly all data sets. With one possible exception, even when "vertical transects" are collected over relatively short distances, date-elevation correlations on November 14, 2014 memoirs.gsapubs.org Downloaded from are usually not evident in the data, and thermochronometer dates are either invariant with elevation, refl ecting locally rapid exhumation, or show more complex patterns, such as inverse correlations that cannot be interpreted in the context of typical vertical transects. For example, Deeken et al. (2006) observed essentially invariant ca. 15-20 Ma AFT dates in two ~2 km transects ~30 km apart in the Eastern Cordillera; a single sample at high elevation in one transect was 56 Ma. Sobel and Strecker (2003) also observed elevation-invariant dates ranging from 3.5 to 6.0 Ma in a 2 km transect in the southern Sierras Pampeanas. Another transect only ~100 km away showed an inverse date-elevation trend, with dates ranging from 60 to 85 Ma. Both the inverse date-elevation correlation and the large differences between these transects require that large horizontal gradients in exhumation depths are a much stronger control on thermochronometer dates than local elevation differences.
One exceptional case where a weak correlation between date and elevation is apparent is the apatite He data set of Juez-Larré et al. (2010) , which was collected over a very short horizontal distance in the Coastal Cordillera. Here dates are roughly 40-60 Ma in the lower 1 km and 60-80 Ma in the upper 1 km. Aside from this example, most date variation cannot be explained by exhumation of rocks through steady topographic relief. Instead, date variations from place to place require differences in the depth or timing of exhumation, as described later herein.
Taking all the thermochronometer data together (Fig. 5 ), there is a broad correlation in the difference between minimum and maximum dates with distance across the range. This is also true for any thermochronometer separately-the widest range of dates is found on the east fl ank, and the smallest range of dates is found on the west (Fig. 6) . In detail, dates of the apatite He system may show a more abrupt increase in variation than the other thermochronometers, with the appearance of numerous ca. 83-26 Ma dates much older than the overall trend, at ~160-150 km from the range front in the Eastern Cordillera.
Zircon (U-Th)/He
Maximum zircon He dates generally increase from west to east, but several regions show dispersion to younger dates (Fig. 6) . The 50-60 Ma dates at approximately ∼650 km (Fig. 6) are from plutonic rocks with ca. 65 Ma crystallization dates, so their ca. 50-60 Ma zircon He dates likely refl ect a large component of magmatic, rather than exhumational, cooling. Relatively young dates of ca. 50-70 Ma at ~550 km distance are detrital zircons from the Loma Amarilla Formation along the eastern fl ank of the Cordillera de Domeyko that have similar He and U/Pb dates (Fig. 4) , so these dates likely represent magmatic (volcanic) cooling as well. A more important and obvious dispersion to younger zircon He dates is between ~230-260 km distance Distance from eastern range front (km) Figure 5 . New and previously published low-temperature thermochronometer dates from the central Andes between 21°S and 28°S, superimposed on minimum, mean, and maximum topographic height (solid lines) in the transect, averaged over the same latitudinal swath. Green circles-apatite fi ssion-track (AFT) data from this study; green squares-AFT data from other studies; blue circles-apatite (U-Th)/He data from this study; blue squares-apatite He data from other studies; red triangles-zircon (U-Th)/He data from this study; red squares-zircon He data from other studies. At the broadest scale, the envelope of maximum and minimum thermochronometer dates widens to the east. Approximate positions of data sets mentioned in text as collected over short distances or displaying large scatter due to exhumation from partial retention zone depths are marked with letters: J-L-Juez-Larré et al. ( Fig. 6C) , in the Eastern Cordillera near the Nevado de Cachi. As shown by Pearson et al. (2012) , this is a region of exceptionally deep exhumation (>6-8 km) on a thrust fault hanging wall that appears to be a reactivated Cretaceous normal fault. This is also near the region where Deeken et al. (2006) found abundant ca. 16 Ma dates over a large elevation range, requiring >5 km of exhumation in the early-middle Miocene. The youngest of the zircon He dates in this region of the Eastern Cordillera are from a single sample yielding reproducible zircon He dates of 15 Ma, consistent with exhumation from below the zircon He closure depth (roughly 6-8 km) at this time. The wide date variation of other samples in this region is likely due to exhumation from depths within the zircon He partial retention zone.
The fact that most zircon He dates across the central Andes are older than ca. 90 Ma precludes Cenozoic exhumation deeper than roughly 6-8 km in most places in the range. The few Cenozoic dates in hanging walls of thrusts near the Cachi region are the only exception. Apparently, the several kilometers of rock and surface uplift inferred to have built the main topographic form of the Andes since ca. 40-60 Ma (e.g., Canavan et al., 2014; Quade et al., this volume) resulted in less than 6-8 km of erosion everywhere in the central Andes between 21°S and 28°S except in very localized regions, and possibly only one (Cachi). We also note that Ege et al. (2007) and Barnes et al. (2008) interpreted cumulative exhumation depths less than ~8.5 km, based on zircon fi ssion-track dates, in the Eastern Cordillera of Bolivia, farther to the north.
Because most zircon He dates in this part of the central Andes do not record cooling associated with Cenozoic exhumation, the overall west-to-east increase in maximum zircon He dates may refl ect the predominance of Mesozoic magmatic arc rocks in the west and either crystallization or cooling dates of much older continental crystalline rocks in the east.
Apatite Fission Track
AFT dates in this transect can be broadly divided into two groups (Fig. 6B) . The fi rst includes dates defi ning a broad ~10 km/m.y. trend of eastward-decreasing dates beginning at 60-70 Ma in the west (at ~750 km) and decreasing to 1-10 Ma in the east (at ~150 km). The second group includes samples in the eastern half of the orogen (150-300 km) in which AFT dates are signifi cantly older than at the same distance in the group displaying the date-distance trend. The AFT date differences at a given distance are most extreme in the easternmost samples of Sobel and Strecker (2003) . Here, we interpret the large date differences in samples at about the same elevation only ~100 km apart as due to large differences in recent exhumation, possibly along reactivated normal faults (Pearson et al., 2012; Carrapa et al., 2013) .
As seen in the zircon He dates, some AFT dates in the Cordillera de Domeyko and Atacama regions are slightly younger than predicted by a continuous 10 km/m.y. trend. Locally abundant Eocene magmatism and hydrothermal activity, rather than exhumation, in the Atacama region may be responsible for these locally anomalous cooling ages. One anomalously young AFT date of 15 Ma is also seen at ~680 km from the deformation front. This comes from a tonalite with a preliminary U/Pb date of 138 Ma (Zattin, 2013, personal commun.) . At this point, we can only speculate that the AFT date for this sample may be much younger than others at similar distances due to hydrothermal circulation or proximal magmatic heating.
Apatite (U-Th)/He
The pattern of apatite He dates in the cross-range transect is similar to that of the AFT dates. Most samples defi ne a broad west-to-east decreasing trend with an approximate slope of 10 km/m.y. As with the AFT results, however, many samples in the eastern half of the range yield much older dates. The easternmost samples, for example, have apatite He dates as old as ca. 90 Ma and as young as 2.4 Ma in essentially the same longitudinal position.
Many of the samples in this suite do not have coexisting apatite He and AFT dates, making comparison between these systems at a given position diffi cult. Nevertheless, apatite He dates anywhere along the transect display a larger variation at a given distance than AFT dates. One example of this is the Loma Amarilla samples at ~550 km, where some apatite He dates are much younger than predicted by the 10 km/m.y. trends. Because many of the apatite He dates from the Loma Amarilla Formation are younger than the depositional age of their host rocks, this is likely a result of partial resetting by postdepositional burial and re-exhumation. However, in both the Loma Amarilla case, as well as the case of the Eocene Geste Formation (Carrapa et al., 2009) , this burial and exhumation could not have exceeded ~2-3 km at the most, because apatite He dates appear to be only partially reset, and the AFT ages for the same samples show ages older than the depositional age of the hosting strata (Carrapa and DeCelles, 2008) . Recent exhumation from variable and shallow depths is likely to also explain the large variations in apatite He dates in samples from the Eastern Cordillera and Santa Barbara Ranges between ~150 and 250 km in Figures 5 and 6 Pearson et al., 2013; Carrapa et al., 2014) .
SYNTHESIS OF THERMOCHRONOMETER TRENDS AND A KINEMATIC MODEL
In the following discussion, we focus on four primary observations of the date-distance trends in the cross-orogen transect in order to construct a simplifi ed model for growth of the central Andes through time. The fi rst observation is the abundance of pre-Cenozoic zircon He dates across the range. With one important exception, the Cenozoic orogenic processes that are thought to be responsible for rock and surface uplift of the central Andes (e.g., Oncken et al., 2006; Strecker et al., 2007) did not result in exhumation to depths greater than ~6-8 km (the typical zircon He closure depth). In fact, most of the samples have zircon He dates older than Jurassic, and there are abundant PermianCarboniferous zircon He dates, especially in the eastern part of the range, which limit exhumation in many areas to <6-8 km for hundreds of millions of years. The only known exception to this are the Miocene dates in the Cachi region of the Eastern Cordillera (Pearson et al., 2012) , which require rapid and deep erosion of the hanging wall of a thrust fault from depths below the zircon He partial retention zone at 15-16 Ma. In principle, these relatively young dates might be explained by an anomalously high geothermal gradient in this region at this time, but there is no other evidence for this, and the date-elevation relationships for the AFT system also require at least 5 km of rapid exhumation here (Deeken et al., 2006) .
A second important observation is that many regions within ~250 km (for apatite He) to 350 km (for AFT) of the eastern range front appear to have experienced less than 2-3 km of Cenozoic erosion. Interestingly, the oldest apatite He dates are similar to many of the AFT dates, at ca. 90 Ma, and both are found mostly in the eastern half of the range. These dates may record thermal relaxation, or possibly exhumation, associated with the Cretaceous rifting event that created the Salta rift and other structures in the eastern Andes (Salfi ty and Marquillas, 1994; Marquillas et al., 2005) . Farther west, many of the oldest apatite thermochronometer dates are ca. 40-50 Ma, which may refl ect a later exhumation event, possibly associated with Incaic deformation (Coira et al., 1982) , which is also evident in paleoelevation proxies (Canavan et al., 2014; Quade et al., this volume) , and which has been attributed to increased convergence between the Nazca and South American plates (Pardo-Casas and Molnar, 1987) or increased absolute westward motion of the South American plate (e.g., Coney and Evenchick, 1994; Silver et al., 1998) .
The presence of mid-Cretaceous and older apatite He and AFT dates in rocks now at 3-5 km elevation in the central Andes requires that in some regions, erosion is largely decoupled from rock and surface uplift. West of the Eastern Cordillera, this can be at least partly attributed to low precipitation and internal drainage, at least since the mid-late Cenozoic. Reactivation of Cretaceous normal faults as thrusts may also explain the highly variable local exhumation depths and close juxtaposition of late Cenozoic and mid-Cretaceous dates in some locations (Sobel and Strecker, 2003; Pearson et al., 2012; Carrapa et al., 2013) .
Third, with the exception of apatite He and AFT dates older than ca. 35 Ma in the eastern part of the orogen, dates from most samples decrease from west to east across the orogen. Given the variability of dates for these systems, as well as the abundance of much older samples that have escaped signifi cant erosional exhumation in the eastern half of the range, robust regression of a distance-date trend is diffi cult. Nonetheless, simple linear regression of all the apatite He and AFT data in this transect yields apparent slopes of 5-8 km/m.y. A simpler fi t that ignores most of the older dates in the eastern part of the range yields a trend with a slope of roughly 10 km/m.y. and apparent dates of 1-10 Ma within 100 km of the eastern range front (Fig. 6) . The only zircon He dates that clearly refl ect Cenozoic exhumational cooling (the 15 Ma dates in the Eastern Cordillera) are noteworthy in that they also fall near this ~10 km/m.y. trend (Fig. 6C) .
The patterns in our data suggest that the eastern orogenic front is the location of the highest erosion rates, at least as averaged over million-year time scales; younger dates for the apatite systems are found farther to the east, and all dates younger than ca. 5 Ma are within 100-200 km of the eastern topographic front. Assuming that erosion rates have remained constant over the relevant time frame, we can use simple models relating dates to closure depths, calculating erosion rates from each date (Brandon et al., 1998; Reiners and Brandon, 2006; Willett and Brandon, 2013) . The youngest AFT and apatite He dates in this region indicate average erosion rates of ~0.8-1.2 km/m.y. over the last ~2-3 m.y. In principle, the older thermochronometer dates farther west may also be converted into estimates of steady, timeaveraged erosion rates. This would predict rates about an order of magnitude lower for samples on the west side of the range. However, we consider that rocks west of the Eastern Cordillera are unlikely to have experienced steady erosion rates over intervals of 40-90 m.y. Instead, we favor a model in which nearly all erosion (at least since creation of topography high enough to induce a strong rain shadow) occurs near the eastward-migrating eastern topographic front of the orogen, with very limited erosion to the west of it. Localization of almost all signifi cant erosion within a few hundred kilometers of the eastern front is consistent with: (1) the location of most active shortening as indicated by structural, sedimentological, and global positioning system (GPS) evidence Bevis et al., 2001; Klotz et al., 2001; Echavarria et al., 2003; Kendrick et al., 2006; McQuarrie et al., 2008; Brooks et al., 2011) ; (2) relatively high precipitation at this location and very low precipitation west of the Eastern Cordillera (Hilley and Strecker, 2005; Strecker et al., 2007) ; (3) internal drainage west of the Eastern Cordillera, which severely limits base level and therefore stream power and the ability of drainages to export sediment from the interior of the range; and (4) highest topographic relief at the eastern front. We therefore envision the eastern locus of deformation and high erosion rates as migrating eastward with time. This means that the modern topographic, structural, and thermochronometric profi le of this transect through the central Andes refl ects the eastward growth of the edge of the Andean orogenic plateau, where localized convergence between it and the South American plate produce localized deformation, rock uplift, and erosion. If the majority of erosional exhumation anywhere in the range occurs at the eastern range front, then the westward increase in minimum thermochronometer dates refl ects the rate of eastward plateau propagation as recorded by cessation of erosion in a given location as the plateau margin moves east of it.
A fi nal observation is that apatite He dates of at least some samples in the interior of the orogen are younger than would be predicted by an end-member scenario of zero erosion in the interior, as outlined here. As noted earlier, examples of this are the Miocene dates in detrital apatite from Eocene sedimentary rocks in the Loma Amarilla and Geste Formations. These rocks were buried to, and subsequently exhumed from, partial retention zone depths for the apatite He system. This requires erosion to depths of less than 2-3 km as late as ca. 20 Ma in the Loma Amarilla, and as late as ca. 10 Ma in the Geste, as supported by thermal modeling of apatite He and AFT data (Carrapa et al., 2009) . Erosion to maximum depths of ~2-3 km may have occurred elsewhere in the interior of the orogen as well, especially in locally high subranges and easily eroded lithologies such as the Eocene sedimentary rocks. However, because of the internal drainage and limited topographic relief, whatever erosion did occur likely resulted in relatively minor exhumation. In such an environment, eroded material is redeposited in nearby internal basins, further limiting topographic relief, raising base level, and protecting other regions from erosion. Subsequent minor deformation and internal drainage reconfi gurations within the orogen then re-eroded these redeposited sediments, exposing partially reset apatite He dates, effectively recycling the same detritus multiple times without leading to exhumation deeper than a few kilometers. We propose the term recyclic erosion for this style of erosion within internally drained regions of subranges and basins.
A Simple Model for Thermochronometer Trends across the Central Andes
Here we present a simple thermo-kinematic model that attempts to reproduce basic features of the observations discussed herein. The basic form of this model is similar to the steady-state model of Thomson et al. (2010) , balancing accretionary and erosional fl uxes and predicting thermochronometer dates as a function of erosion rate throughout the orogen. However, here we assume progressive growth of the orogen, rather than fl ux steady state, with eastward propagation of the Andean Plateau driven by convergence and shortening focused at its eastern margin. We interpret the fi rst-order pattern of west-to-east decreasing thermochronometer dates as the result of eastward propagation of a region of relatively high rates of erosional exhumation that follows this zone of convergence. Erosion is focused in this zone because of its relatively high precipitation, external drainage, and because this is also the zone of focused deformation and convergence between the Andean Plateau and the South American plate, as seen in GPS and the high concentration of active contractional structures (Fig. 7) . Crust from the South American plate converges with the Andean Plateau on the eastern edge of this retroarc wedge with a material velocity V c relative to the stable hinterland (Fig. 7) . We assume that the South American crust thickens from an initial thickness h of 35 km to a fi nal thickness H of 60 km in the plateau over a frontal erosion zone with width w e of 150 km. The Andean Plateau crustal thickness estimate is based on the average depth to Moho in the region (Beck et al., this volume) , and the undeformed South American crustal thickness is close to the average thickness of 37 km for regions east of 65°W (Yuan et al., 2002) . Material velocity relative to the stable hinterland (V c ) decreases to zero at the eastern edge of frontal wedge, beneath which material is underplated and then exhumed vertically at erosion rate ė. Crustal thickening to a thickness of 60 km (H) at the western edge of the frontal wedge results in eastward growth of the plateau at rate P.
The accretionary fl ux F a to the plateau is therefore
and the erosional fl ux is
The time-averaged or steady-state rate of growth of plateau crustal area, PH, is equal to the difference between the accretionary and erosional fl uxes, so the rate of growth of excess crust of the plateau, P(H -h), is
Assuming all erosion occurs at the eastward-propagating frontal eroding wedge, then the slope of the date-distance relationship west of this zone corresponds to P. In the following discussion, we estimate P and ė from the thermochronometer date-distance trends, and we assume reasonably well-constrained values for crustal thicknesses and an estimated width for the frontal erosion zone w e . We then use Equation 3 to calculate V c and compare it to GPS estimates of convergence rates between the Andes block and the foreland of the South American plate, and we compare V c + P to geologic estimates of shortening rates and fl exural wave migration in the foreland. We also show that this model predicts growth of the observed width and crustal crosssectional area of the orogenic plateau over a duration consistent with geologic evidence for growth history of the modern Andes.
To predict the distribution of thermochronometer dates in our cross-orogen transect, we start by assuming incoming, unreset dates in the South American plate of 40, 90, and 300 Ma for the apatite He, AFT, and zircon He systems, respectively (see horizontal dashed lines east of erosional front in Fig. 8) . These values have no infl uence on model behavior west of the accretionary range front, but they simply represent unreset dates found in the eastern margin of the orogen (Figs. 6 and 8 ) and may be preserved west of there in cases where cumulative erosion is too low to produce reset dates (dashed colored lines in Fig. 8 ). We assume that material is incorporated into the orogenic plateau by underplating, followed by vertical exhumation within the 150-km-wide convergence/erosion zone (Fig. 7) , allowing thermochronometer dates in this zone to be predicted using the model of Willett and Brandon (2013) , accounting for transient thermal effects following the onset of erosion. Kinetic parameters assumed for the thermochronometers were discussed earlier herein. Erosion rates of 0.1, 0.4, 0.7, and 1.0 km/m.y. are used to predict dates. Once the 150-km-wide convergence/erosion zone has propagated east of a given position in the plateau, there is no further erosion, so the thermochronometer dates anywhere west of the erosion zone are simply τ + d/P, where τ is the apparent date at the western margin of the erosion zone (set by the erosion rate), and d is the distance from this point.
Within the convergence/erosion zone, the thermal diffusivity of the crust is assumed to be 32 km/Ma 2 , the initial (pre-erosional) geothermal gradient is 20 °C/km, and the surface temperature is assumed to be 10 °C. The relationship between date and erosion rate within the eroding zone is not very sensitive to any of the assumptions for the crustal thermal fi eld within a wide range of values. In addition, although the nature of the thermal fi eld may vary signifi cantly across active orogens (especially those hosting active magmatic arcs), the primary effect of our thermal fi eld assumptions here is simply to set the minimum ages of reset thermochronometers in the erosion zone. Once the orogenic front has propagated east of a given location (or a parcel of rock has moved west of the convergence/erosion zone), the predicted dates simply steadily increase with distance at the propagation rate. The most important observation we are making here is the date-distance relationship west of the convergence/erosion zone, which we interpret as propagation rate, not the absolute date of a thermochronometer within this zone. Put another way, because we are concerned with the propagation rate of the orogenic front with time, cross-orogen variations in thermal properties do not play an important role in our interpretations. That said, transient increases in geothermal gradient in the interior and western parts of the range, for example, due to magmatism, may infl uence, and partially reset, some samples to the west of the orogenic front. This could explain at least part of the fact that many of the samples in the western part of the range show younger Figure 7 . Schematic of thermokinematic model of the central Andes between 21°S and 28°S. Red lines show reference frame anchor on left side and boundaries and regions of distinct material velocity fi elds. Black arrow denotes horizontal material velocity V c , which is the convergence rate between the stable Andes block and the stable foreland, and white arrow denotes P, the rate of propagation of the deformation front and east margin of the Andean orogenic plateau. Plateau crustal thickness is H, and incoming South American crust thickness is h. Erosion occurs within the 150-km-wide transition zone W e of crustal thickening on the eastern front of the plateau. Material within this zone is assumed to be underplated within the zone of convergence and erosion and then experience purely vertical exhumation toward the surface at rate ė before being overtaken by the eastward-propagating plateau, at which point its material velocity is zero. The accretionary infl ux (F a ) and erosional outfl ux (F e ) are shown by green and orange arrows, respectively, along with their values in terms of the other parameters. Also shown are possible outfl ux via subduction erosion "excretion" (F ex ) and gravitational instability (F ec ). Lower-right inset shows convergence/erosion zone on eastern margin of plateau where material is assumed to be underplated at depth and then experience purely vertical exhumation via erosion. Using h = 35 km, H = 60 km, plateau width of ~400-500 km, and west and east transition zones of 150 km each, the excess cross-sectional area of this part of the Andes is ~23,000 km 2 , and this can be built within ~40-60 m.y. V.E.-vertical exaggeration. , and 300 Ma for zircon (U-Th)/He). Dashed colored lines for each system represent predicted thermochronometer dates for samples that were not exhumed from suffi ciently great depths (closure depths) to expose reset dates during passage through the erosion zone. Solid colored trends represent predicted thermochronometer dates for systems that exposed partially reset dates during passage through the erosion zone, for erosion rates of 0.1, 0.4, 0.7, and 1.0 km/m.y., calculated using the transient AGE2EDOT model of Willett and Brandon (2013) . The easternmost extensions of these colored solid lines within the erosion zone cannot be resolved using this transient model because of numerical stability, but the colored solid lines must connect in continuous curvature to the horizontal dashed black line east of the erosion zone. The infl ection point in these dates at 150 km distance represents the location where erosion ceases and dates increase as a function of propagation rate P only. The slopes of the date-distance trends west of 150 km from the orogen front are inversely proportional to P. In general, model date trends for P = 10 km/m.y. provide better fi ts to the thermochronometer data in the western part of the orogen. However, if dates for all systems in the western part of the orogen are partially reset by small-magnitude, recyclic erosion, possibly combined with transient elevated geothermal gradients (shown schematically by pink arrows) west of the erosion zone as discussed in text, then P of 6.0 km/m.y. could also explain the general trend of dates across the orogen. Gray symbols in apatite He panels represent samples from sedimentary basins with clear evidence for postdepositional partial resetting.
thermochronometer dates than predicted by a steady orogenic propagation model. However, testing this would require more detailed investigations of relationships to the spatial-temporal patterns of magmatism. Figure 8 shows the predicted date-distance trends for the three thermochronometers for P of 10 and 6 km/m.y., at erosion rates of 0.1-1.0 km/m.y. The general form of the date-distance trend for erosion rates greater than 0.1 km/m.y. is old, unreset dates east of the orogen front that then decrease to a minimum value within 150 km of the front as rocks are exhumed through their partial retention zone to expose reset dates. Within the erosion zone, the thermochronometer dates approach a minimum date, which is inversely proportional to the erosion rate. Dates are not shown in the easternmost part of the erosion zone because there has been insuffi cient exhumation to expose reset dates. However, the trends shown in Figure 8 can be considered to connect continuously with the horizontal dashed line delimiting the eastern edge of the convergence/erosion zone. West of this zone, thermochronometer dates increase linearly with distance to the west at rate P, refl ecting increasing age since passage through the zone.
In most cases, erosion rates greater than 0.1 km/m.y. are required to produce suffi cient exhumation to expose dates younger than the incoming unreset dates as the host rocks pass through the erosion zone. However, at relatively low P (6 km/m.y.), samples reside in the eroding zone for 150 km/6 km/m.y. = 25 m.y., so reset apatite He dates are just barely exposed at erosion rates of even 0.1 km/m.y. (total erosion of ė × w e /P = 2.5 km). At fast P (10 km/m.y.), samples reside in the eroding zone for only 15 m.y. In this case, even erosion rates of 0.4 km/m.y. are just insuffi cient to exhume reset zircon He dates (total erosion of 6 km).
Except for the old, obviously unreset and pre-orogenic thermochronometer dates east of ~400 km from the front, the datedistance trends for propagation rates of ~6-10 km/m.y. reproduce well the general trend of decreasing thermochronometer dates seen between ~0 and 350 km from the front. West of this location, date-distance trends for P of 10 km/m.y. more closely match apatite He and AFT dates than the trends for P of 6 km/m.y., which tend to overpredict the dates because of slower accretion and eastward growth of the plateau. However, low-temperature thermochronometer dates in the western half of the orogen may be younger than predicted by the P = 6 km/m.y. trend due to later partial resetting by recyclic erosion, possibly combined with transient higher thermal gradients over time in this region. In any case, propagation rates greater than 10 km/m.y. and smaller than 6 km/m.y. do not provide a reasonable fi t to the general trend of (obviously reset) thermochronometer dates within the orogen.
Throughout the orogen, unreset pre-Cenozoic dates for all thermochronometers coexist with much younger dates obviously related to Andean growth. This requires that some regions pass through the erosion/convergence zone with time-averaged erosion rates at least as low as 0.1 km/m.y. The wide range of dates seen in the eastern front, and in fact the whole eastern half of the orogen, is probably due to the wide range of erosion rates experienced by different regions as they pass through the erosion/ convergence zone. Obviously, this limits our ability to precisely constrain propagation rates and other parameters of our model, but it also underscores the fact that material that becomes part of the eastward-expanding Andean Plateau experiences a wide range of erosion rates, total exhumation, and rock uplift, some of which is probably due to differential motion on preexisting structures, as discussed earlier.
Predictions and Implications of the Eastward Plateau Propagation Model
Using the date-distance relationships for the apatite He and AFT systems in Figure 6 , we adopt 10 km/m.y. as the best-fi t rate of eastward propagation of plateau P (Fig. 8) . Using the crustal thicknesses assumed above, w e of 150 km, and ė from 0 to 1 km/m.y., our model predicts V c of 7.1-11 km/m.y. This agrees well with GPS estimates of convergence rates between the stable hinterland of the Andes block and the foreland from 23°S to 25°S (Bennett et al., 2013, personal commun.) as well as to the north at 20°S-22°S (Brooks et al., 2011) . This model also allows us to predict the relative material velocity of material within the deforming zone (i.e., the shortening rate), as well as the apparent rate of migration of a fi xed point in the foreland (e.g., a forebulge) as V c + P, or 17-21 km/m.y. This is in reasonable agreement with the apparent rate of migration of the fl exural profi le in foreland basin sediments and apparent wave of forebulge migration, i.e., ~18-33 km/m.y. (DeCelles et al., 2011; Carrapa and DeCelles, this volume) .
We can also check the self-consistency of this model by calculating the duration of time required to build the width or excess crustal thickness of the Andean orogenic plateau. These growth rates depend on P, which we determine from the thermochronometer date-distance trend, and our assumed crustal thickness values H and h. The parameters on the other side of Equation 3 (V c , ė) are simply traded off against one another to balance P(H -h). Thus, these duration calculations are not independent checks of the model, as comparisons to geodetic and shortening rates are. However, they do show that if the plateau and incoming South American crustal thicknesses can be reasonably constrained, the thermochronometer date-distance trends constrain both rates and durations of orogenic plateau growth, at least as well as the model trend fi ts the data all the way across the orogenic plateau.
For P of 10 km/m.y. (Fig. 8) , building an Andean orogenic plateau of the observed width of 400-500 km would take ~40-50 m.y. At a rate of 8 km/m.y., the plateau would require ~50-62 m.y., and at the slowest rate shown in Figure 8 , which does not fi t the thermochronometer dates as well in the western part of the orogen, the plateau would require ~65-80 m.y. to attain the present width. Except for the greatest width (500 km) at the slowest rate (6 km/m.y.), these durations compare well with estimates of the timing of onset of major crustal shortening from structural and sedimentologic evidence in the central Andes (e.g., Sempere et al., 1997; DeCelles and Horton, 2003; McQuarrie et al., 2005; Elger et al., 2005; Arriagada et al., 2006; DeCelles et al., 2011; Barnes and Ehlers, 2009) and also are consistent with other mass-balance analyses (DeCelles and DeCelles, 2001; McQuarrie, 2002) .
To check the implied duration for construction of the crustal cross-sectional area of the Andean Plateau, we assume excess crustal area of 11,250 km 2 , corresponding to the area difference between crust of thickness H and h over a plateau width of 450 km. This implies that the west and east wedge zones (Fig. 7) were the same height and width prior to initiation of plateau growth. Building this crustal area using rate P(H -h) and P = 10 km/m.y. (which can also be cast in terms of the parameters on the other side of Eq. 3) requires 45 m.y. (Fig. 9) . Decreasing P to 6 km requires 75 m.y. Except for the lower range values for P, which are also less consistent with the thermochronometer datedistance trends, both this and the plateau width-duration calculation above are in good agreement with the geologic estimates of the duration of time since initiation of signifi cant shortening and plate convergence in the central Andes, as cited above.
Our model of orogenic plateau growth uses only the thermochronologic date-distance trend across the orogen and observed crustal thicknesses of the Andes orogenic plateau and South American plate to predict convergence and shortening rates consistent with geodetic and geologic estimates and conclude that eastward plateau growth at a rate of 10 km/m.y. for ~45 m.y. balances convergence and the observed crustal thicknesses across Figure 9. Durations required to accumulate the excess cross-sectional crustal area of the Andes orogenic plateau at 21°S-28°S, as depicted in Figure 7 , and as a function of P. Horizontal gray band marks the approximate range of dates commonly cited for the onset of major crustal shortening that created the modern topographic expression of the central Andes. Vertical gray band marks the rates of plateau propagation most consistent with thermochronometer date-distance trends (Fig. 8) .
For the preferred value of P = 10 km/m.y., building the excess crustal area of the central Andes requires ~45 m.y.
the central Andes. This may appear to be in confl ict with evidence for crustal loss in this part of the Andes by both subduction erosion on the Pacifi c side (e.g., von Huene et al., 1999) and eclogitic delamination by gravitational instability (e.g., Kay and Kay, 1993; Beck and Zandt, 2002; DeCelles et al., 2009; Pelletier et al., 2010; Krystopowicz and Currie, 2013; Beck et al., this volume) . However, crust removed by subduction erosion on the Pacifi c side may simply be underplated beneath the orogen (e.g., Baby et al., 1997; Hartley et al., 2000) , and while simple mass-balance constraints require that lithospheric mantle of the shortened South American plate must be lost beneath the central Andes, constraining likely volumes of crustal loss is more diffi cult. Dynamical models clearly predict loss of lower crust by gravitational instability over a wide range of conditions (Krystopowicz and Currie, 2013), which in turn predicts a number of magmatic and surfi cial manifestations that may be consistent with regional observations (Beck et al., this volume, and references therein) . Seismic results also suggest that the lower crust above regions with mantle-like velocities in the central Andes is relatively felsic or intermediate in composition, consistent with loss of dense material typical of lower crust in other regions. Our model predicts a rough balance between accretion/shortening and crustal area over the last 40-60 m.y., which might mean that while most lithospheric mantle is removed, only relatively small volumes of crust are taken with it. Alternatively, this may mean that the lower crust that is removed is roughly balanced by magmatic contributions from the mantle (e.g., Arndt and Goldstein, 1989) . Estimates of crustal addition rates are complicated by uncertainty about intrusive to extrusive ratios and juvenile versus recycled crustal proportions, but a typical estimate for mantlederived arc magmatic addition to the crust is ~13-35 km 2 /m.y. (Francis and Hawkesworth, 1994; Haschke and Günther, 2003) . This is only ~2%-6% of the plateau growth rate by convergence/ shortening (Eq. 3; Fig. 6 ), but this may be important for felsification of overlying crust and refi ning the dense residue lost to gravitational instability.
Clearly, our simple model only explores a limited range of parameter values and makes several heuristic assumptions, including a simple erosion pattern, specifi c values of crustal thicknesses, and steady plateau propagation (and implied convergence/shortening rates) through time. However, the apparent balance of crustal shortening and cross-sectional area derived from the orogen-scale thermochronometer date-distance trend holds true whether or not plateau propagation and convergence rates were steady. Even if these rates varied strongly over the last 40-60 m.y., if their time-averaged values are close to those implied by the orogen-scale thermochronometer trends (P = 6-10 km/m.y.), then convergence and cross-sectional crustal area appear to roughly balance. This is surprising given the fact that shortening rates inferred from geologic observations are thought to have been signifi cantly slower prior to ca. 10 Ma (e.g., fi gure 1.5 in Oncken et al., 2006 ; although this is for slightly north of our study area). This means that the inferred total convergence between the Andes block and South American plate from geologic evidence is insuffi cient to accrete enough material to generate the apparent excess crust of the Andean orogenic plateau, as noted in previous studies (e.g., Kley and Monaldi, 1998; DeCelles et al., 2011) . Invoking signifi cant net crustal loss by either subduction erosion or gravitational instability exacerbates this mass-balance problem.
One potential solution to this conundrum is that the plateau propagation and shortening rates inferred from the thermochronometer date-distance trends provide a more realistic estimate of long-term convergence and orogen growth rates through time, and that these rates were much higher than geologic estimates have inferred, especially prior to ca. 10 Ma, possibly due to volcanic burial or other factors that make total shortening diffi cult to resolve from surface observations. We do not claim that our cross-orogen-scale thermochronometer date-distance trends provide unambiguous evidence for steady and high rates of plateau propagation (and correspondingly high shortening and convergence rates) throughout the Cenozoic. Indeed, steady rates over the last 40-60 m.y. seem unlikely in the face of variations in rates and angles of convergence between the oceanic and South American plates (Pardo-Casas and Molnar, 1987; Somoza, 1998; Sdrolias and Müller, 2006) , and as refl ected in the spatial-temporal pattern of magmatism (e.g., Haschke et al., 2006) . We also note that other authors have interpreted marked unsteadiness in the record of the migration of the strain front and fl exural wave (Carrapa and DeCelles, 2008; Carrapa et al., 2011; DeCelles et al., 2011; Carrapa and DeCelles, this volume) . Nevertheless, at least at the scale of this study, the thermochronologic data presented here do not support large variations in plateau growth rates or convergence rates and instead are broadly consistent with a simple model of constant growth through time at convergence and shortening rates similar to those of modern.
CONCLUSION
Low-temperature thermochronometer dates along a transect across the central Andes between 21°S and 28°S display broad west-to-east trends of decreasing minimum dates and increasing date variation. This pattern is consistent with focused erosion in a 100-200 km region on the eastern range front that has migrated eastward with time, with relatively little erosion (and essentially no net erosional outfl ux) in the range interior since ca. 40-60 Ma. The large variation in apatite He and AFT dates at the eastern range front is consistent with large spatial gradients in cumulative exhumation depth resulting from rapid but spatially variable recent erosion along the rapidly deforming front. This spatial variability may result from contrasting extents of rock uplift in adjacent walls of inverted Cretaceous normal faults.
Almost nowhere in this part of the central Andes has Cenozoic erosional exhumation exceeded depths of 6-8 km, and in many places in the eastern half of the range, erosion has not exceeded 2-3 km, despite the fact that these regions are now 5-6 km above sea level. This means that west of the rapidly deforming and eroding eastern range front, uplift and erosion are largely decoupled, due to meager precipitation, relatively low relief, internal drainage, and ephemeral volcanic burial. This prevents simple interpretations of thermochronometer dates as indicators of local rock or surface uplift, as is often done in other ranges. Nevertheless, the broad west-to-east pattern of reset thermochronometer dates across the range can be used as a proxy for the eastward migration of the focused erosion and deformation zone, and therefore as a proxy for the growth of the eastern margin of the central Andes orogenic plateau through time. The orogenic plateau propagation rate of ~6-10 km/m.y. we determine is very similar to the deformation propagation rate determined from thermochronologic and other data by Carrapa et al. (2011) in the Eastern Cordillera (~8.3 km/m.y. over the last 14-3 m.y.). We suggest that a similar rate can be extended much farther west and into the past, and we present a simple kinematic model for eastward growth of the plateau with a thickness of ~60 km at a rate of ~10 km/m.y., as a result of convergence of the plateau with crust of the South American plate with a thickness of ~35 km at rates of ~11-17 km/m.y. At deformation/ plateau propagation rates of ~8-10 km/m.y., the width and crosssectional excess crust of the Andes at these latitudes is produced within ~45-55 m.y., without the need for crustal loss mechanisms other than surface erosion. The convergence/ shortening rate inferred here is higher over a longer a duration than predicted by other geologic shortening rate estimates.
We acknowledge that at the scale of our sampling density in this transect, major abrupt variations through time in the inferred rate of plateau propagation and/or convergence/shortening cannot be elucidated. However, at least at this scale, the date-distance trends observed are consistent with a model of steady Cenozoic growth of the Andean orogenic plateau at a rate that reasonably reproduces geodetic and geologic convergence and shortening rates and balances crustal cross-section area. A corollary of this interpretation is that episodes of localized rapid erosion, presumably driven by episodes of localized deformation and rock and surface uplift, are not necessarily due to super-regional changes in erosion or uplift rates, but rather are due to the eastward propagation of localized zones of shortening, uplift, and erosion marking the eastward growth of the Andean orogenic plateau at a quasi-steady rate of 6-10 km/m.y. helpful reviews from Pete DeCelles, Barbara Carrapa, Jason Barnes, and Cecile Gautheron, and helpful discussion with George Zandt, Nick Arndt, and Laurence Audin. Reiners also acknowledges support from a Marie Curie Incoming International Fellowship and the Centre de Recherches Pétrographiques et Géochimiques.
